Abstract-This paper presents a smart vision sensor for environmental hazards (such as slippery surfaces) and detecting risk factors of a toddler's fall in an indoor home perilous activities (such as inattentive walking) [11] . As environment assisting parents' supervision to prevent fall intrinsic factors are associated with health problems, a normal injuries. We identified the risk factors by analyzing real fall toddler's fall would be based on the extrinsic factors which injury stories and referring to a related organization's include their environments and activities. Therefore, this suggestions to prevent falls. In order to detect the risk factors injuries when they fall. As young children are not able to assess risks for 3) ensure that there is no furniture around available for them themselves, the best way to prevent their falls would be to climb on. continuous supervision and instruction from their parents.
(CAPT), over two million children every year are taken their resulting impact with furniture or the edges of a room to hospital due to accidental injuries, and around half of these may cause severe injuries. The CAPT's suggestions indicate accidents are domestic [1] . Falls account for over 4000 of all similar points: home accidental injuries of children, and young children aged 1) keep floors clear of toys and other clutter. under five are most vulnerable to injuries in the home 2) make sure there are no sharp edges that could cause environment, where they spend most of their time [2] . injuries when they fall. As young children are not able to assess risks for 3) ensure that there is no furniture around available for them themselves, the best way to prevent their falls would be to climb on. continuous supervision and instruction from their parents.
Based on the above studies, the risk factors to recognize by However, this is not always practical. A smart vision sensor is our sensor were identified as follows: proposed in this paper to assist the parents' supervision for 1) check if clutter has appeared on the floor. preventing fall injuries.
2) check if a toddler moves around when clutter is present
Many applications have been developed to detect on the floor.
potentially fatal falls of the elderly [3] [4] [5] [6] [7] [8] [9] [10] . Acceleration 3) check if a toddler moves too close to any structure in sensors worn by users and cameras were used in these cases their environment.
for detecting falls. Although some of them collected the fall 4) check if a toddler climbs any furniture. data from the sensors to evaluate the user's personal fall risks
The first factor was defined for places such as a corridor for later prevention, there was no prevention against falls where clutter should not be on the floor and could even trip during the data collection and also against irregular falls adults. The second factor was defined for the case that a afterwards. Some '~~~~~~background image update, and motion detection. and human feature correspondence between adjacent frames.
After background subtraction, human and non-human
Background subtraction detects anything on the floor by moving regions were distinguished using moment invariants comparing current images with an initial background image based on Principal Component Analysis (PCA). Location, that contains a clear floor. To focus on the floor area, the intensity, and geometric information of people were non-floor area is masked in the background image. The extracted for the tracking. The use of the three features to background image needs to be constantly refreshed due to track a human body achieved much better tracking results extraneous changes such as illumination variance and than the use of any individual feature, but occlusion was a swaying tree branches. As this sensor targets indoor home major obstacle.
After background subtraction, Schleicher et al. [17] used environments, only domestic lighting changes are dealt with. a Particle Filter (PF) algorithm to identify and track any As background subtraction detects anything which does moving objects individually. They applied PCA to each not belong to the background image, it is not sufficient to object in order to classify it into person or non-person distinguish stationary objects from moving ones. Therefore categories by using geometrical constraints of several body every two consecutive images are compared in order to classify stationary and moving regions. (Fig. 3b) The sub-tasks of clutter detection contain floor selection, For the dramatic lighting changes such as turning on/off a background subtraction including background image update, lamp, the background model is also updated when the differences before the thresholding are similar all over the the previous frame. (4) , and the closer to 1 its value is, the closer is the similarity of the vectors. The threshold value to classify human and non-human is defined The calculation of the motion and position information of a or climbs furniture, the shortest distance between the point toddler is done by joining corresponding regions, which are and the boundary of the floor area detected previously is classified as human, in successive frames. A simple calculated at every frame. If the distance is too short, it is background subtraction method is used same as the clutter regarded as the toddler moves near furniture, and if the point detection and hence its details are omitted here.
leaves the area, it is considered as the toddler climbing 1) Obtaining Motion Information: At first, the regions that furniture with the assumption that the off-floor area is filled are background-subtracted from the current image, are with furniture and the room structure. focused individually to detect each region's contour and center of mass (xc, Yc), as calculated in (3) . background image. This is because the contour of each region is detected and filled respectively. As the floor is detected I(x,y) is the pixel intensity value in the position (x,y) in the only once at the beginning, if any structure in the room moves image where each contour is drawn [9 this center ms during the clutter detection, the floor mask image should be of each contour from one frame is saved to be connected to updated manually. Any tiny motion of a structure in the the center of mass of its corresponding region's contour on environment, however, is not detected as clutter because the next frame. In case that there is more than one contour small differences would not be set as ROIs.
detected in an image, distances from the current center of
As background subtraction and motion detection both mass to all the centers detected from the previous frame are cmaepxl aus fteclradtxueo h calculated, and the center is connected to the closest one from clteisvrsmlatohefo,tesnorsulklyo The averaged value of cosO between every two vectors methods are studied to detect these factors, namely clutter within one moving region over every two adjacent frames is detection and toddler tracking. fairly dynamic for a walking human (Fig. 5b) and is A single commercial camera is used without having constantly close to 1 for a thrown ball (Fig. 6b ) and a radio sensors or markers attached on the body for practicality. The controlled model car moving forwards and backwards (Fig. clutter detection works adequately unless there is too much 7b). As the cosO value sometimes gets considerably close to 1 overlap between a still object's bounding box and a moving for a human motion and somewhat lower than 1 for an object region. The Toddler tracking method shows that the novel motion, the average of the cosO values from the past frames is concept of human classification using irregular motions of calculated. Based on the tests, we found that the average Of different body parts, works effectively. Based on several every past frame's cosO value stays under 0.75 for a walking tests, the threshold of the average cosO value is identified as human (Fig. 5c ) and over 0.9 for a rolling ball (Fig. 6c) and a 0.8 to differentiate a human from a non-human objects. In moving model car (Fig. 7c) . Therefore the threshold to order to reinforce this discrimination even from adults and classify a human and a non-human is defined as 0.8. pets whose motions are also dynamic, other cues related to As the necessary position information of a toddler is his or toddlers will be used, such as size and motion history.
her relative position to the floor, this is easily acquired by
The correct motion and position information of each calculating the shortest distance between the lowest point of foreground region can be obtained provided that the the toddler's contour and the floor's contour.
background subtraction functions and a human region does not split into multiple regions. If this smart sensing technique is further developed to cope with occlusion of multiple toddlers as well as the regional splits of a single object in the future, it could be extended to be used in other environments, such as a nursery school.
http://switch.dl. sourceforge.net/sourceforge/opencvlibrary/OpenCVRe [2] E.) TwrTDowlC.akehad.JvsWaWkiferenceManual.pdf While the car is moving forwards and backwards, the averaged cosO from each frame is fairly close to 1. c) The average of every frame's cosO value is also considerably close to 1.
